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ABSTRACT 


This study is a step-by-step process for examining the 
need and probable effectiveness of new Coast Guard SAR 
facilities. The vehicle for the study iS a proposed Coast 
Guard Air Station to be located at Arcata, California, but 
the process is adaptable to any locale or any type of SAR 
facility. Data from historic SAR incidents was analysed and 
the SAR environment of the area to be served by the air 
station was simulated. The study indicated that the air 
Station will reduce response time to maritime SAK incidents 
15 to 25 minutes without considering possible delays caused 
by low visibility at the Arcata airport. Additional study 


in specific areas was recommended. 
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Ie INTRODUCTION 
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Probably the most well-Known role of the United States 
Coast Guard is that of Search and Rescue (SAR). Originally 
the Revenue Marine Service considered SAR as a collateral 
duty, but by 1837 its ships were actively cruising the 
coasts of the United States in order to locate and assist 
Mariners in distress, Another organization, the U.S. 
Lifesaving Service, also had a long and notable record of 
Saving crewmen whose ships had gone aground. In 1915 these 
two Services were merged to form the U.S. Coast Guard, and 
SAR was a tradition of long standing that was incorporated 


into the duties of this new service. 


This tradition 1s codified into the laws of the United 
States in the United States Code as follows; 


Пс 5 Coast Guard . . . Shall develop, 
establish, Maintain, and operate . . . rescue facilities for 
the promoticn of safety on, under, and over the high seas 
and waters subject to the jurisdiction or the United “States 


° o ° е 
` 


MW USC 88 "In order to render aid to distressed 
persons, vessels, and aircraft on and under the high seas 
and on and under the waters over which the United States has 
jurisdiction and in order to render aid to persons and 
property imperiled by fiood, the Coast Guard may perform an 

шээг necessary, to rescue and aid persons and protec 

and save property." "The Coast Guard may render aid to 
persons and protect and save property at any time and at any 
Peace ас ыйісіп Coast Guard facilities and personnel are 
available and can be effectively utilized." 


14 USC 141 " The Coast Guard may, when so requested 
by proper authority, utilize its personnel and facilities to 
aoc any Federal есу; SPEC, Territory, possession, ог 

olitical subdivision thereof, or the District of Columbia 


O νυ any activity for “hich such personnel an 
facilities are especially qualified." 


In order to perform its Search and Rescue mission, the 
Coast Guard must allocate personnei and equipment resources 
to various locations around the United States to provide its 


services when needed by persons or property in distress. 





Because the Coast Guard SAR mission is Pprimarily concerned 
With the saving of life and property after a distress 
Situation develops, SAR is strongly time oriented. The 
longer a person or his property is exposed to a kostile 
environment, the greater are the chances that an incident 
Will turn into a disaster, resulting in the loss of life 
and/or property.! For this reason, the time for a Coast 
Guard unit to respond to a distress presents a simple 


measure of effectiveness for its SAR activity. 


It is conceivable, of course, that sufficient resources 
could be made available in the Coast Guard budget to ensure 
that a Coast Guard unit would arrive at the scene cf any 
distress within any given time increment anywhere in the 
United States. As the specified time increment decreases 
and the distance from the "home" location of the Coast Guard 
resources to the position of distress increases, the shorter 
response time entails additional costs. Eventually, the 
marginal improvement іп response becomes prohibitively 


expensive. 


There is some difficulty іп defining an acceptabie 
response time for SAR. One effort to define such a tine 
increment was given for Coast Guard aviation units as 


follows: 


est aviation units shall, “within the Harbor and 
Coastal Zone, be capable of ng to the _scene of 75 
percent Of the assistance cases within one-half hour and 90 
percent within one hour and be capable of recovering 
(rescuing) persons in distress." * 


The Harbor and Coastal Zone was defined in the Coast Guard 
Aviation Plan as keing the zone including rivers, bays, and 


inlets out to 150 miles seaward. 


The allocation of scarce SAR resources is an important 


facet of the Coast Guard's SAR role. Resources must be 





Stationed to ensure that they can be economically operated 
and are suited to the natural and SAR environment of their 
assigned area while still achieving the desired level of 
response. At the same time, care must be exercised to avoid 
positicning toc many resources in any area. This resuits in 
"overkill", inefficiencies, and additional expenses. Іп 
order to properly determine the optimum type and mix of 
resources, their location, and their manning levels, an 
analysis should be made of all factors bearing on their 
activities in an operating area. The analysis should 
investigate probable numbers and types of distress incidents 
reguiring assistance by Coast Guard resources, the natural 
environment, compiimentary search and rescue resources in 


the area, and any other pertinent factors. 


The purpose of this thesis was to supply an example of 
such ап analysis to the needs for Coast Guard 
search-and-rescue resources in an area of Northern 
California. The analysis was directed towarä determining if 
an additional SAR resource was required in the area -- an 
air station at the Arcata-Eureka Airport. It was written, 
however, in such a manner that it could be applied to any 


change in Coast Guard resources for any area. 


The current plan, as promulgated in Part Two of the 
Coast Guard Aviation Plan (CG-380-2), is to establish an air 
station at Arcata with three HH-52A helicopters in FY 1978, 
budgetary lisitations permitting. The rationale for the new 


air station is presented below: 


"Since FY 1963 there has been a substantial growth in 
the number of SAR cases within a radius of 75 miles of the 
Humbolt ва area of Northern California. Case totals have 
increased 4% in ten years Mame, ігоп 182 іп ΕΥ 1963 EG a49 
шиг 2/2 112015 талсе from the nearest om 182 in FY 1963 
to Ш9 іп FY 1972. The distance from the nearest Coast 
Guard air units ΕΞ our σ᾽ to provide timely 
response with adequate recovery capa тту сап Frangeisco 
Ait Station is 210 21165 Ёо the south and Astoria is 325 
miles north of o Bay. Even with the establishment or 
πῃ Ποπὰ Air Station in РҮ 1974 the nearest aircraft 
response  (HH-52AÀ's) will still be 165 miles away, almost a 





two-hour flight fron Coos Bay. 

The National Planning Association's "Marine Activities 
Forecast" for Northern California appears conservative for 
the Humbolt Bay region; their FY 19230 workload projections 
may well be upon us in the early 1970's. 

Public private, and political pressure has already 
been exerted to Dring Coast Guard rescue aircraft to the 
Humbolt Bay area; in fact in 1966 Humbolt County authorized 
Ip acres of land at the Arcata County Airport for Coast 
Guard use on the condition that a helicopter base be located 
at sa1d airport. WA reasomable case for establishing such a 
unit can e generated on the basis of the increase in SAR 


case load, aralysis of the nature of Coast Guard_ surface 
unit responses in that area, and projected growth."3 


Two mission areas of the Coast Guard were forecasted 
for the proposed station. They were SAR and Enforcement of 
Laws and Treaties.* This station is rather unique in that 
it is to have such a limited number of mission areas as its 


responsibility, a fact which greatly simplifies analysis. 


Because of its emphasis on the Search and Rescue role, 
the Coast Guard has developed a standardized reporting 
system to support this program. Each time a Coast Guard 
facility is used to aid persons or property the responsible 
Coast Guard official is required to submit an ASsistance 
Report (CG 3272). The format of this report has changed 
several times over the years but, essentially, the same 
information is reported in each. A complete description of 
the property in distress is given, including the cause of 
distress. "Nature of Distress" is a term which is used in 


the Assistance Report to indicate the problem encountered by 


the persons or property that requires Coast Guard 
assistance. One example of nature of distress is "vessel 
disabled and adrift." Another is “personnel injury." When 


the Coast Guard receives a report that its assistance is 
required, the nature of distress is one important 
consideration used to determine which resource to dispatch 
КО а in the situation. Further information includes a 
brief description of the weather encountered along with the 


absolute position and the position of distress relative to 


10 





the responding Coast Guard facility. For the purpose of the 
thesis, these items which are essentially beyond the control 
of Man are termed "states of nature." In addition, 
Significant times are recorded, along with the actions of 
the Coast Guard facility. Finally, the relative success of 
the actions cf the Coast Guard is reported in terms of lives 
saved, helped, or lost and the value of property assisted. 
These data are compiled and stored іп Coast Guard 
Headquarters for subsequent use in analysis and decision 
making. A Sample Assistance Report is included as Appendix 
А. 


The Assistance Reports for Northern California, as 
transcribed to the permanent Coast Guard records, formed the 
data base for this thesis. Originally the data was in the 
form of cards obtained from the Twelfth Coast Guard 
District. This data was complete in that it contained all 
entries from the Assistance Reports for the years 1971 
through 1973. Later, additional data was received in the 
form of cards for the years 1970 and 1974 from Coast Guard 


Headquarters. This data had been transcribed from file tape 


to cards. The data was not complete in that all the data 
submitted on the Assistance Report was not included. The 
information concerning month of distress, position of 
distress, and time of day was missing from this data. When 


data was missing from some years, that fact was indicated in 


the analysis chapter of the thesis. 
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ІІ” AREA STUDY 


The tera used to describe the geographical region to be 
serviced by the proposed Coast Guard facility was "area of 
interest." This area of interest should be large enough to 
include the normal operations of the Coast Guard facility, 
taking into account other Coast Guard units in the area, 
'geographical considerations, and limitations imposed by the 
type of Coast Guard resource being considered. For the 
proposed Coast Guard Air Station at the Arcata-Eureka 
airport, tne area of interest was defined as that region 
between 40-00 and 42-00 North Latitude and between the 
nountaincus region approximately thirty miles inland from 
the coastiine to 300 niles offshore. Latitude 42-00N is the 
position of the California-Oregon border and forms the 
boundary between tne Twelfth Coast Guard District ana the 
Thirteentk Coast Guard District. The region measures 
approximatelv sixty miles north and south and more than 300 


miles in its east-west dimensions. 


The most significant maritime feature in the area of 
interest is Hunboit Bay, which is a large sheltered bay and 
the third largest naturali harbor in California. It is the 
most important harbor on the west coast between San 
Francisco andthe Columbia River. The cities of Eureka and 
Arcata are iccated near this bay. Eureka is the third most 
valuable fishing port in California. The major industry for 
Arcata is lumbering and lumber products. A third important 
town in the area of interest is Crescent City, located 
approximately forty miles north of Humbolt Bay. The major 


industries in Crescent City are lumbering and dairying. 
Two large river systems empty from inland regions into 


the ocean in the area of interest. The more important one, 


the Klamath River, empties approximately 30 miles north of 


12 
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Humbolt Bay. This river is important because nearly 
one-third of the incidents involving boaters within the area 
of interest occurred within five miles of its mouth. The 
Eel River ends approximately five miles south of Humbolt 
Bay. Although few boats are assisted by the Coast Guard 
near this river, it has flooded during various years and 
Coast Guard forces have participated and assisted locai 


authorities in flood relief operations. 


A description of the geography and climate in the area 
of interest is provided by the Department of Commerce Local 


Ciimatologicai Data description: 


"There are no hills in Eureka of any consequence. The 
land slopes upward п from the Bay towards the Coast 
Range, which begins about 3 miles ‘east of the station 
(Eureka) and reaches the top cf ats first ridge 
n гэ 10 miles to the east. The average elevaticn 
OE the ridge 1s about 2,000 feet. This ridge extends in a 
semi-circle from a point 20 miles north of Eureka to a point 
25 miles south. 


. The climate of Eureka being completely maritime, high 
humidity prevails the entire year, which is divided into the 
"rainy" season and the "dry" Season. The rainy season begins 
in October and continues through April. About 90 percent of 
EUN -dr'soprecrprtat2on falls during this period. The dry 
season extends from May through September and is marked by 
considerable fog or low cloudiness. Usually, however, the 
fog ciears in the late forenoon with the early afternoons 
generaliy sunny. 


Temperatures are moderate the entire year. eu, 
the highest ever recorded was 55 degrees, and the lowest 0 
degrees, the usual range is from a low of about 35 degrees 
to a high of about ر‎ 8 Тһе daily range of 
temperature averages from about 9 degrees 1n the summer 


Momthoe tO 713 decrees in the winter months, and ] 
occasionally not over 2 to 3 degrees." 


The temperature of the waters offshore in the Eureka 


area range between 50 degrees and 55 degrees Fahrenheit. 


The area of interest includes portions of two counties 
of California, Humbolt County and Del Norte County. The 
total number of boats registered in these two counties for 
the years.1970 through 1974 were: | 
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1376 2371 1372 1973 1314 
2037 29 19 4203 4773 5232 


The low figures for 1970 and 1971 were due to the fact that 
a change in the registration procedure took place between 
those years and subsequent years. Typically, 77 to 7 
percent of the registered boats are registered in Humbolt 
County. No information was available for the number of 


Gocumented vessels in the area. 


Data was not made available which gave detailed 
information concerning the lengths of the vessels in Humbolt 
and Del Norte counties. The usage of those vessels which 
were registered also was not given. The state-wide 
distribution of lengths of registered boats was reported as 


follows: © 


1956 1971 2222 1973 197% 
Less than 64.0% 61.5% 60.5% 58.2% DOM 
16 feet 
16 feet to 32.0% 32.5% 34.0% 36.2% 36.9% 
26 feet i 
26 feet to 45% 4.5% 20% 5202 4.9% 
40 feet 
40 feet to 0.5% 0.5% 0.5% 0.6% 0.7% 
65 feet 


The number of Search and ReScue incidents answered by 
the Coast Guard in the area of interest during the Fiscal 
Years 1970 through 1974 was 1650, including multi-unit cases 
in which more than one Coast Guard resource answered a call 
for distress. The data from some of these cases was 
unusable, resulting in the discarding of some of the 
incident reports. Such unusable data included reports for 
which the severity to personnel or property was coded as 
unknown, data in which the position of distress was coded as 


unknown, or data which was incomplete. Cüulling of i uet 
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erroneous data left а total of 1868 cases for five years. 
The number of cases occurring in any year jis given as 
follows: 


327 264 360 195 22 


The distribution of lengths of vessels assisted by the 


Coast Guard during the five years were: 


Not a Vessel 3.4% 
Less than 16 feet 32:25 
16 feet less than 26 feet 15.4% 
26 feet less than 40 feet 21.5% 
40 feet less than 65 feet 20554 
65 feet less than 100 feet 2.6% 
100 feet less than 200 feet 1.1% 
200 feet less than 300 feet 0.2% 
Greater than 300 feet 2.0% f 
Unknown 1.1% 





ine distribution of the usages of the vessels assisted 


during those years was: 


Recreation 47.4% 
Fishing 43.5% 
Towing = 1.07 
Cargo 1.6% 
Other 1.4% 


No other code for usage appeared more than one percent of 
the time. The figures do not total 100% because in the 
Assistance Report a usage code can be assigned to cases 
other than vessels. During the five years there were 
approximately 13 cases involving aircraft, 3 cases involving 
land vehicles, 5 cases involving land structures and 47 
caseS involving personnel only in the area of interest. 
Charts representing the geographic distribution of 


historical SAR cases are included in Appendix F. 


Most of the Coast Guard facilities now rendering search 
and rescue services in the area of interest are under the 
command and control of Group Humbolt Bay, which reports to 
the Twelfth Coast Guard District. The medium-endurance 
cutter COMANCHE (WMEC 202), home-ported in Eureka, is also 
under the direct control of the District Headquarters. 
Included in the facilities of Group Humbolt Bay are the 
95-foot WPB CAPE CARTER, ported in Crescent City and two 
44-foot MLBS stationed in Eureka. During the salmon season, 
from approximately 1 July to 15 October of each year, the 
boating traffic on the Banath Riwer rises dramatically. 


Swift river currents and the interaction of the ocean swell 
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causes hazardous conditions on the river. Dur IRON this 
period, Station Klamath River 15 established with a 
complement of approximately six men and trailerable 25-foot 
and 17-foot boats. 


° Coast Guard air support for the area of interest is 
currently provided by. the Coast Guard Air Station at San 
Francisco International Airport. That location 15 
approximately 210 miles away from Eureka via Гедегаі 
Airways. A HH-52A helicopter requires approximately three 
hours to reach the Arcata-Eureka airport from San Francisco 
and requires refuelling prior to continuing on a SAR case. 
A fixed-wing HC-130 or HU-16 aircraft from San Francisco can 
be over Eureka approximately one and a half hours after 


notification. 


Single-engined HH-52A helicopters are limited in their 
operations and must remain within 25 miles of the shoreline 
unless they are escorted by fixed-wing aircraft, in which 
case they are limited to 100 miles offshore. On several 
occasions, especially in cases requiring medical evacuation 
of Seriously-injured Op cravcically-ill persons, Ei 
helicopters from the Coast Guard Air Station at Astoria, 
Oregon or San Dieco, California were flown to Eureka by one 
crew and the medevac mission was performed by a second crew. 
The time required to fly a helicopter to Eureka is 
approximately four hours. HH-3F helicopters сап perform 
missions up to 300 miles offshore. Assistance to personnel 
or to property greater than 300 miles offshore must pe 
provided by surface vessels or by air dropping equipment cr 
people from fixed-wing aircraft. These aircraft сап, of 
course, assist vessels which are not more than 300 miles 


offshore in a Similiar manner. 


In addition to the Coast Guard units in the Eureka 


area, there are other resources which are used for search 
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amide “Bescue, particularhy ‘for incidents on the land. The 
Humbolt County Sheriff's Department reports that it responds 
to approximately thirty iniand SAR incidents per year, and 
that this number does not appear to be growing. The 
Sheriff's Department calls upon the Civil Air Patrol, the 
Ski Patrol, the Marine Posse, the Jeep Patrol, and the 
Mounted Posse to assist in inland SAR incidents. It 
requires approximately three hours between notification and 
the time a Civil Air Patrol unit is available, weather 
permitting. The Forest Service reportedly hes use of a 
small helicopter which they operate in the area during the 
Summer months. All these resources have worked together 
with Coast Guard units in the past, both in operations along 


mie Coastline and overland. 


An important aspect of the study of the effectiveness 
of a Coast Guard air station is the weather. Having an air 
station in an area serves no purpose if the aircraft 
stationed there are grounded in fog. The Coast Guard Air 
Operations Manual (CG-333) specifies the minimum ceiling and 
visibility requirements for Coast Guard aircraft departing 
an airfield. In the case of a single-engined helicopter at 
Arcata airport, the appropriate criteria are those for 
airfields with a departure alternate, as defined in the Air 
Operations Manual, Since an airfield at Crescent City has a 
precision instrument approach where the helicopter couid 
land if necessary. This airfield is approximately forty 
Minutes flying time away from Arcata. If the weather for 
this airfield is forecasted to be 600 foot ceiling with two 
miles visibility for one hour and forty minutes after 
takeoff, the Coast Guard helicopter could depart Arcata if 
the visibility there is at least one-fourth mile or 1600 
feet visibility (RVR 16). An exception is granted "When the 
immediate urgency of the mission dictates . . . Due 
consideration must be given to equipment capabilities, 


alternate field availability, and the circumstances 
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constituting the urgent requireuent."e 


In 1968 the National Bureau cf Standards published a 
report of the low visibility conditions at the Arcata 
airport for the period 1957 through 1967.9 Here follows one 
interpretation of that report as it applies to the proposed 
arr station at Arcata. 


The visibility at Arcata airport was reported as being 
below 2100 £eet by day or 48300 feet hy night (defined in the 
report as "low visibility") аз the number of hours per 
month. The yearly average varied between a low of 26.3 to a 
ШИЕ! Of 63.3, with the number of nighttime hours 
approximately double the number of daytime hours in most. 
cases. The greatest number of Low-visibility hours occurred 
in the July-~-January semi-annual period. The greatest number 
of low-visibility hours for any month were September or 
October, a period in which approximately eighteen percent of 


the historic SAR incidents occurred. 


The report contained the summary of a three-year Runway 
Visual Range (RVR) study. The times during which RVR was 
less than 1000 feet had a mean of 0.28 hours and a median of 
0.08 for day periods and а median of 0.15 for night periods. 
The times ranged as high as 8.3 hours. In a table of tines 
during which the RVR was below 1000 feet, the periods of low 
Visibility seemed to be centered between approximately one 
hour before sunrise and noon and between one hour before 
Sunset and midnight. Approximately forty percent of the 
historic SAR cases were during these hours and they had 
almost a uniform distribution of occurrences between the 
hours of 0800 and 1800 local time. 


While the exception to the takeoff minimums in the case 
of an urgent mission permits a Coast Guard helicopter to 


take off in.low-visibility conditions, the effectiveness of 





that aircraft is severely reduced in very low visibility. 


Approximately ten percent of the historic SAR cases occurred 
іп reported visibilities of less than one-half mile. The 
effect of the weather at Arcata -- both low ceilings and 
visibilities -- upon operations of the proposed air 


deserves further study. 


Station 
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1119 ANALYSIS GF HISTORIC STATISTICS 

иетботэт баажо гох”һав facilities located so as to be 
able to respond to incidents in virtually all portions of 
the waters near the seacoast of the United States. As Coast 
Guard units respond to calls for assistance in any given 
area, the Assistance Reports these facilities submit 
represent a Sample of the conditions which will be 
enccunterea by a new Coast Guard facility located in that 
area. One of the first steps in analysing the need for a new 
Coast Guard facility in a given area is to examine the data 


avallable in the Coast Guard records. 


The Coast Guard SAR data readily lends itself to being 
represented in frequency distributions. The frequencies of 
the coded data are made discrete rather than continuous by 
the coding process. Rather than reporting the exact 
distance offshore that an incident occurs, for example, the 
reporting facility fits the distance offshore into one of 
the ten codes (numbers zero to nine) and reports this coded 
number. The process of translating the distances offshore, 
which are continuous, into coded values causes the 
distribution of the data to become discrete. In order to 
facilitate analysis, the discrete distributions of the data 
can be graphically represented in histograms. Frequency 
distributions for weather concitions, nature of distress, 
month and time of distress, and distance offshore of 
distress for the data from the Arcata area of interest are 


given in Appendix B. 


The characteristics of these frequency distributions 
аге descriptive statistics. A very useful statistic is the 
mean, or the average value, of the observations. There are 
several useful tests concerning the means of the data which 
Gan be performed using  hoth the data from the area of 


interest and the data from the Coast Guard as a whole. 
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The means o£ the code values for the data for the five 
years are tabulated below. The data which are tabulated are 
those elements of the SAR environment which occur  randonly. 
This data included multi-unit case data in which a small 
percentage of observations were duplicated because more than 


one unit was reporting the sare data. 


TABLE OF YEARLY MEANS 
HISTORICAL DATA 


1270 1371 1972 1973 1974 
Nature ot 759226 1020952 5.3889 10.5487 6.7019 
Distress 
Distance 1.3639 152795 22972 127323 1. 3043 
Offshore 
Personnel 1.5260 1. 5455 1.3083 1223538 1.2143 
every 
Property 1.5474 1.4356 1.3056 1.3385 1.1553 
Severity 
Sea 2.1284 214505 2.09361 1.7949 1.6553 
State 
Wind ` 1.4648 12222295 1.06 11 1.4359 122997 
Velocity 
Visibility 4.4924 4.7992 4,4444 4.4974 4.6584 
Length 2.6911 209697 2.1944 2.9744 2.2547 


Time of Day 12.8838 12:9935 12.3472 13.3436 13.2516 
Honth 6.335 da 105 6.8485 


The means of the data were compared to determine if the 
values of the means are statistically the same from year to 
year. By analysing the data, it may be possible to detect 
trends such as cases occurring further offshore each year. 
Patterns such аз severity to property being significantly 


greater than Severity to personnei may also be revealed. 


In order to examine the data for five years, a one-way 
analysis of variance of corresponding means was performed. 
The hypothesis being tested is that the means in each row of 


data are jointly equal. The implicit assumption was made 
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that the distribution of the means of the data was normal in 
all cases. The alternate hypotheses, in the notation 


presented in Bolch and Huang [Ref. 1], are shown as: 


Hot Not all column means are equal 


The appropriate test uas Fisher's F-test in which the 


F-statistic is computed as a ratio as follows: 


etween-Column Variance 
Within-Colunn Variance 


This test was performed using the Biomedical Computer 
Program BIMEDO1V [Ref. 2] on the IBM 360/67 at the Naval 
postgraduate School. The "resulting F-ratio was conpared 
with a standard table of percentage points for the 
F-statistic with four and infinite degrees of freedom at the 
0.95 confidence level to determine if all the coluans were 
equal. If the computed ratio of F was greater than the 
tabulated critical value of F, the null hypothesis was not 
accepted and it was assumed that the means of the data for 
the five years were different from year to year. The 


results of the test are tabulated below: 
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ANALYSIS OF MEANS 
(DATA FOR FIVE YEARS) 


computed " Critical 
Nature of Distress 3.66 2239 
Distance Offshore 7.79 1237 
Severity to personnel 12.18 2337 
Severity to Property 12.07 2131 
Sea State 8.06 27 
Kind Velocity 10.44 2.31 
Visibility 1. 64 Zao 
Length ef Vessel 14.52 220 
Time cf Notification 2.21 2° 37 
Month (3 years) эн 3.00 


In every case except visibility, the test indicated 
that the means for the data for the five years were 
different. Іп tnose instances where the calculated F-ratio 
waS greater than the critical F-statistic, it is possible to 
discover which year's data was Significantly different from 
the rest by estimation of the linear contrasts of the column 
means. This test 1S a pair-wise comparison of all column 
means in which the null hypothesis H : а. - 0. 50 15 

() 2 j 
tested for ail possible (i j) pair combinations of the data. 
ντ. επτείτοπ. of the results of these tests for the 


historic data is included in Appendix D. 





Тһе result of this analysis ο variance can be 
Summarized by stating that while conditions in an area of 
interest may be essentially the same from year to year, 
there are usually some conditions that are significantly 
different in any one year. For example, the value of 
distance offshore that SAR incidents occur пау һе 
significantly greater for one year. There may be a logical 
explanation for this phenomena, such as the fish being 
farther offshore that year, but the analyst probably does 
not have access to this explanatory information. He can 
only discover this fact statistically and plan for the 


recurrence when allocating Coast Guard resources. 


The next step in analysing the data for the area of 
interest is to compare it with the data of all Coast Guard 
cases nationwide. By comparing the means of the values of 
sea state, for example, for the area of interest with the 
means of all Coast Guard cases in any year it is possible to 
infer whether the seas are rougher than generally 
experienced nationwide. Similiariy, by comparing the means 
of severity to persons, it can be inferred that more rapid 
response is necessary if the mean for the area of interest 


is greater than for the United States as a whole. 


Due to the fact that the weather conditions, the 
descriptions of vessels in distress, and the positions of 
distress appear to vary in one singie area from one year to 
the next, an attempt was made to approximate the "average" 
conditions in the area to use to compare with the 
nation-wide data. The effects of the variations could ре 
reduced somewhat by pooling the data and using the mean for 
the five years in the area of interest. This mean was 
compared with the nation-wide mean for each year's data. 
The resulting means are shown in the following table. These 
means also include multi-unit case data in which two or more 


units reported the same data, but the effect on the validity 


М 
a 





of the data was judged to he insignificant because of the 


relatively small number of such cases. 


TABLE OF MEANS OF POOLED DATA 
WITH NATION-WIDE DATA 


SYR 1971 1972 1973 
Arcata rc... Nationwide  . WE 

Nature of 7.8583 13.9135 13.1479 7223107 
Distress 
Distance 1.4221 1.3629 1.3649 1.3306 
Offshore 
Personnel 1.3849 1.1685 1.1677 1.1573 
Severliy 
Property 1.3942 1.1394 1.1466 1.1294 
беуегіту 
5еа 2.0170 1.3104 1.2811 122978 
State 
Wind | 1.3815 1.3590 1.3415 1.3545 
Velocity 
Visibility 4.5729 4.6728 1.7227 4.6905 

A t-test was performed to determine whether the 


differences between colum means could be attributed to 
chance or to the fact that the means were actually unequal. 
(The F-test previously used for the analysis of means for 
the five years would have also been appropriate in this 
case, but the t-test was used to present an alternative 
nethod.) The respective hypotheses which are being tested 


are; 


0 5yr 71 


== 

>) 
! 
"| 


0 бүг 72 


e 


x 
0 буг 73 


нэ The column means are not equal 
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Since the data represent large random samples of size N 
and н, the sampling distribution of the statistic x. - 
уг 


x, could be approximated closely by the normal. The common 
x 


variance, sigma squared, was estimated from the populations 


and pooled. The statistician realizes that the sample for 
= was not strictly independent from the sample for x 
yr X 


for any year since each contained common observations from 


the area of interest. However the effect of the 
approximately 300 observations from the area of interest on 
the more than 70,000 observations for all the nationwide 
data for any year was minimal. The t-ratio uas calculated 


2 
from the following formula, where 5 vas the estimated 


Variance: 


t = x - X 
S + s 

=“ 1 2 
П n 

1 2 


Ав was the case with the F-test, if the computed value 
of the t-ratio was greater than the critical t-statistic, 
the null hypothesis was not This was a two-tailed test in 
which the means of the data for the area of interest could 
be either greater than, equal, or less than the means ot the 
nationwide data. The results of the calculations for the 
area of interest compared with the data for the years 1971 


through 1973 are tabuiated below: 





COMPARISON OF MEANS 
POOLED DATA WITH NATION-WIDE DATA 


1971 1972 1973 tata sU 

t-ratio t-ratio t-ratio critical 
Nature of 11.13 9.74 11.56 1.960 
Distress 
Distance 2.03 1:92 2.00 1.960 
Offshore 
Severity to 11.39 11.45 11:43 1.960 
Personnel 
Severity to 10.74 10.35 10.76 1.960 
Ргорегту 
Sea State 14.77 19239 14.78 1.960 
kind Velocity 0.56 0.99 0.44 1.960 
Vl lbllity 1298 2.94 24228 1.960 


From these results, it was inferred that the means of 
the values of nature of distress, the severity to persons 
and property, and the sea state and visibility on Scene were 
significantly different from those of the rest of the United 

tates at the 95 percent confidence level. The differences 
between the means of degrees of severity, for example, 
indicate that the danger to persons and property were 
greater in the Arcata area of interest than the United 
States as a whole. This hypothesis is supported by a 
one-tailed t-test at the 95 percent confidence level. the 
means of the values for sea states and visibilities were 


also greater. 


Having compared the means of the available year-to-year 
relationships, the next step was to examine the data of each 
year with the other data of that year. This was done to 
determine if there was any statistical association among 
elements of the data. Intuitively, for instance, it could be 
postulated that the length of the distressed vessel and the 
Gistance offshore were associated since small vessels tend 


to remain closer to Shore while larger vessels ‘with better 
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navigational equipment tend to remain offshore. Similiarly, 
it could be postulated that there would be a relationship 
between weather conditions and severity to personnel or 
property. If such relations were discovered, it might have 
been possible to hypothesize which factors were independent 
(not relying upon the occurrence of any of the others) and 
which were dependent (occurring as a function of some other 
occurrence). Such independent-dependent relationships would 


prove very useful in understanding the SAR environment in an 


area. SS πο Сато Of the Strength of these linear 
relationships zas found ру examining the Pearson 
product-moment coefficient of correlation. As the 


coefficient of correlation, fr, approached the value 1., a 
strong linear relationship is indicated while the indicated 
degree of association decreased as r approached zero. A 
positive value of r indicated that the values of one of a 
pair of variables increase as the values of the other 
increase while a negative valve indicated the reverse 


relationship. 


The coefficients of correlation for data can be 
obtained by manual computation or from any of several 
computer statistical packages. The tables of coefficients 
of correlation presented in Appendix E were obtained from 
the SNAP/IEDA Computing Package for the IBM 360 [Ref 14]. 
These values are for the elements of historical Search and 
Rescue incidents for the Arcata area of interest for the 
years 1970 through 1974. 


Although useful for indicating relaticnships warranting 
further study, the simple coefficients of correlation were 
not suitable for determining the variation explained by the 
relationships. To the unwary, the fact that the value of Fr 
for one relationship was twice as large as that for another 
would tend to lead one to believe that the relationship was 


"twice as strong." This was not necessarily the case. From 
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the tables of coefficients of correlation it w 


(0 


as possible to 
calculate multiple correlation coefficients for the 
variables by squaring each value of г. The multiple 
correlation coefficient, called Mult В, was the maximum 
correlation between the dependent variable and all 


independent variables. Its value is represented so: 


2 
Mult R = r = ا‎ Variation 


os —— rn u سی‎ O SU —« 


otal Variation 


Fron the tables of coefficients of correlation for the 
rompre data it Was observed that the only consistent 
binary relationships appear to be between sea state and wind 
velocity (r varied between 0.46 and 0.86), between severity 


to persons and severity to property (г varied between 0.23 


c+ 


and 0.63), between distance offshore and sea state (τ 
Varied between 0.26 апа 0.70), апа between distance offshcre 
and wind velocity (r varied between 0.15 and 0.78). rhe 
fact that the codes for incidents involving property are 
centered at the lower numbers vhile those involving 
personnel only (personnel injury or involving divers) are at 
the higher end of the scale was indicated by the positive 
relationship between nature of distress and severity to 
personnel and the negative relationship between nature of 
distress and severity to property. Since consistent binary 
relationships had not been discovered through the 
coefficients of correlation, conclusions about which 
Variables were dependent and which were independent could 
not be made. For the purpose of the thesis, the most 
critical variables are severity to personnel and to 
property, because greater severity implies the need for 
faster response by Coast Guard units. For this reason, the 
severity to personnel and property variables were assigned 


structural dependence for the purpose of further analysis. 


It is intuitively obvicus that none of the independent 








elements of a SAR incident such as sea state, distance 
offshore, ог nature of distress act alone on the dependent 
condition which is severity to personnel or severity to 
property. A straightforward extension of the association 
between two variables is the association of several 
independent variables and the dependent variable. This is 
termed multiple correlation, and it is also designated by 
the term Mult R. As in two-way multiple correlations, Mult R 
is the ratio of the explained variation to the total 
variation. This muitipie correlation coefficient for more 
than two variables could not be found by simply adding the 
correlation coefficients found above uSing only two 
variables because the interaction of all independent 
Variables acting simultaneously must be taken into account. 
For this analysis, the values of Mult R were determined 
using the BIMEDO2R program from the Biomedical Computer 
Package [Ref. 2]. (They could be found using manual 
comrutations ог any or the many statistical packages 
available.) The strength of the relationships of the 
Variables nature of distress, distance offshore, sea Staten 
WG velocity, visibility, апа Length of vessel were 
determined separately for severity to property and severity 
to personnel for each of the five years data. The results 


are tabulated below: 
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MULTIPLE CORRELATION COFFFICIENTS 
severity to Personnel 


1970 1571 1372 1373 1974 
Nature of 0.12 0.07 0.04 0. . 
Distress 
Distance 0.00 0.00 0.00 š š 
Offshore баве une 
Sea State 0.04 0.11 0.15 0.01 0.06 
Wind ` 0.01 0.01 0.02 0.00 0.00 
Velocity 
Visibility 0.00 0.00 0.00 0.01 0.00 
Length 0. 08 0.12 0.02 0.00 0.00 
Pot ad 
Explained 0.25 112221 0.21 0.25 0.25 
Variation (%) 

MULTIPLE CORRELATION COEFFICIENTS 
ενας σου EC Prope rcty 

A970 1971 i 1973 1374 
Nature of 0.02 0.03 0.12 0. 
Distress 
Distance 0.02 0.00 0.00 0.02 0.00 
Offshore 
Sea State 002 0.04 0.02 0.00 Dou 
Wind ` 0.00 0.00 0.00 0.01 0.00 
Velocity 
Visibility 0.00 0.00 0.01 0.00 0.01 
Length 0.08 A 0.00 9.00 0.00 
Total 
Explained 0.28 0.42 0.07 0.15 ace 


Variation (%) 


As can be seen, the explained variaticn of severity to 
personnel and property was reiativeiy low in all cases. This 
can be interpreted as indicating that severity to personnel 
and property were essentially random. Regardless of what 
the weather conditions, the distance offshore, the length of 
boat in distress, or even the nature of distress are, the 
severity to personnel:or property was just as likely to be 


menemas it was to be severe in the historic data. 





The determination QE the simple correlation 
coefficients, the multiple correlation coefficients for two 
variables, and the multiple correlation coefficients for all 
independent variables indicated that the strengths of 
relationships between the various factors in a SAR incident 
such as severity, weather, nature of distress, and distance 
offshore were relatively low (maximum possible is a 
correlation coefficient of 1.0). This was interpreted as 
meaning that these states of nature could be simulated as 
independent events. Their occurrence in any incident could 
be generated as an event independently from all the rest of 
the factors. (Independent in the sense that they are 
separate occurrences.) They did not depend upon any of the 
other events listed. The truth of this assumption was borne 
out in the validation of the simulation model when it кас 
ascertained that the distributions of the factors of a SAR 
incident were the same for simulation-generated data and 


hustoric data. 


Another data analysis which might prove interesting in 
the future is the investigation of the relationships between 
number of boats registered, their lengths, and the nunber of 
boats assisted by the Coast Guard. If correlations were 
found between the number and description of boats registered 
and documented in an area and the number of Coast Guard 
Cases, it night be possible to derive an equation which 
would predict the Coast Guard workload given the boat 
registrations for the current or some prior period. The 
workload пау be a function of lengths of vessels, 
propulsion, usage, or age. Such a study would require the 
derivation of a set of regression equations. To conduct 
such an analysis would require detailed vessel registration 
data in addition to the Coast Guard SAR data for a 
particular area, but the benefit may be a consistent, 
reliable predictor of case loads and the resulting need fcr 


Coast Guard facilities. 
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hnother aspect of the historical data was investigated. 
On the Assistance Report, the reporting Coast Guard unit is 
required to report the severity to personnel and property. 
If the severity codes are higher for any given area, it 
could indicate that more rapid response is necessary. This 
procedure was described previously. On the Assistance 
Report, the severity to persons or property is defined and 
coded as follows:0 


0 None No personnel/property involved. 

1 Small No immediate or foreseeable 
danger. 

2 Moderate Some danger that personnel or 


Ф 


propertymmight ke lost. 


3 C Ore Personnel/property was in danger 


ОЁ being lost or was actually lost. 
9 UnkKnown 


For reasons previously described, all cases with code 
values of nine were sorted out and not used in the data 


analysis. 


In another location on the Assistance Report form, the 
reporting unit records what may be described as the result 
of the actions of the Coast Guard. In this section the 
number of lives saved, number of lives lost, number of 
persons otherwise assisted, and the value of property 


assisted are reported. 


In an effort to derive a cost-benefit ratio for its SAR 
program, the Coast Guard has developed a method in which 


each of these outcomes is assigned a dollar value апа used 


= 


гон. 





in a formula to determine an effectiveness ratio. Тһе 
effectiveness ratio for SAR is value of benefits divided by 
the sum of the value of benefits and the value of lcsses. 
ШОЕ ο Losses reported are lives lost. The sane figures 
are used to derive a cost-effectiveness ratio, which is the 


value of benefits divided by costs of the SAR program. !! 


It is apparent that the adjectives for describing 
severity are open to subjective interpretation. An analysis 
was made to determine if the reporting units were consistent 
in their reporting of degrees of severity. This is, in 
effect, an evaluation of the quality of the data. fhe only 
Manner in which this could be done was to compare the number 
of times which severity to personnel was given as moderate 
or severe (indicating that outcomes of loss or saving of 
life might ke expected) with the coincidences of reports of 


actual loss or saving of life. 


In the years 1970 through 1974, Coast Guard resources 
were involved in assisting 2965 persons in the 1468 cases 
used as the data base. In these cases, 38 persons lost their 
lives despite Coast Guard efforts in 29 cases. Іп 56 other 
cases, 113 persons were reported saved, including опе 
incident in which fourteen lives were reported saved. The 
greatest number of lives lost in any one case was three. 
The balance, 2814 persons, were reported assisted in 1200 
cases. This data was adjusted for three cases in which some 
lives were reported helped and some were reported saved, tuo 
Cases where some lives were lost and the rest of the persons 
assisted, and one case where one life was saved and one 
lost. Parenthetically, one hundred cases were coded to 
indicate only personnel in distress and fifty-six were coded 


as only property in distress. 





The distribution of reported severity to personnel in 


the five years was: 


None Small Moderate Sevene 
Number 56 949 305 158 
Percent 3.8% 64.6% 20.8% 10.8% 


The distribution of reported outcomes of Coast Guard 


assistance was: 


Lives Lives Persons No 

Lost Saved Assisted Persons 

Cases Cases Cases Involved 
Number 29 56 1200 183 
Percent 2« 04 3.854 81.7% 15 5 


No reconcililiation was possible between the numbers (183, 
Which indicated no persons assisted, and the number 56, 
Which indicated that no personnel were in distress. The only 
logical explanation for some of these discrepancies 15 that 
a Coast Guard unit was dispatched to assist but aborted the 


mission before reaching the scene of the incident. 


Using this data, it was possible to attempt to 
determine how many cases reported as having the possibility 
of loss of life were actually that severe--as reported by 
the Coast Guard units. The total number of cases where lives 
were lost (29) plus the number of cases where lives were 
reported saved (56) divided by the number of cases reported 
aS presenting the greatest severity to personnel (158) would 
indicate that approximately 54 percent of those incidents 


reported as being of great severity to persons actually were 
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5ο. In otner words, rather than 10.8 percent of all the 
historical cases having a severity state to personnel as 
severe (code value 3), only about 5.8 percent of the cases 
were actually that Severe. It was interesting to note that 
of all the cases reported as moderate severity to personnel, 
in no caSe waS a life actually reported lost or saved. Jt 
appeared that persons filling out the Assistance Reports 
were generous in assigning the degree of severity оғ the 
cases they reported and might have been assigning a high 


Severity code in more cases than warranted. 


This disparity could be isolated only by close 
examination cf the data reported on the Assistance Reports. 
In the blocks where severity to property and value of 
property assisted are reported, no such analysis can be 
made. Nor is there any method of checking the quality of 
the figures given for lives saved. The person filling out 
the Assistance Report must enter the estimated value of the 
property assisted if no accurate value is known, and there 
is по way to report the value of property lost. The 
efficiency ratio is thereby biased and there is no way to 
verify the figures used to calculate it. This is an area 
where further study might prove beneficial in order to 
determine more reliable and realistic measures of 


performance of the SAR mission. 
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IVe COMPUTER SIMULATION OF THE ENVIRONMENT 

After the data for the area of interest has been 
examined, the analyst may desire to develop a couputer 
Simulation model of the environment within that area. 
Developing a logical portrayal of the SAR environment for 
Such a simulation is a means of closely studying the 
relationships of enm the pertinent factors in that 
environment and can lead to a better understanding of the 


complexities of the environment. 


A second use for a simulation model to to generate nore 
data. Only data for five years was available for the Arcata 
area of interest, and this was deemed insufficient for the 


purposes of analyzing the need for a new air station. 


Another application for such a computer simulation 
model is to manipulate it in order to test the Coast Guard 
facilities in an area against differing environments. Іп 
the Arcata area of interest, for example, there have been 
very few incidents reported inland. This is because orly 
water-borne units were stationed in the area and, except for 
a few isolated cases, the Coast Guard has no means of 
responding to inland SAR incidents. Analyzing the past data, 
one could conclude there were no incidents requiring Coast 
Guard assistance which were not on the water. It is not 
true that what was not recorded never happened, of course, 
and the means of inserting such land cases as aircrart 
crashes, lost hunters, and automobile crashes 15 presented 
through a computer Simulation model. In another example, if 
some relationship between number of distress incidents and 
the number of boats registered in an area were found, future 
case loads could be simulated by causing more incidents to 


occur in the computer simulation model. 
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The purpose of the model for the area of interest, as 
written for this thesis, was to approximate the environment 
in which the Coast Guard forces in that area will operate. 
The parameters of the model were based upon historical data 
which had been gathered during the course of the normal 
Search And Rescue operations of the Coast Guard in that 
area. Once the model was functioning properly and its 
output was validated against the historic data, it could be 
used to generate more data to use investigate the need for 


the Arcata Air Station. 


The historic data, as originally received, had to be 
Sorted in order to obtain only those cases which had 
occurred within the area of interest. The information which 
was needed to model the environment in the simulation was 
that pertaining to the weather reported during the distress 
incidents, the dates and times of the incidents, the types 
of distress, and the positions of the distress. These items 
ace the elements of a Search and rescue incident which occur 
randoniy. All further information reported on the 
Assistance Report, such as distance to scene of the 
distress, action taken, and time the assisting resource gets 
underway or arrives on scene are more-or-less a result of 
the random factors. As indicated previously, the random 


Slenonea were also terned states of nature" in this thesis. 


The data which was made available for the model of the 
Arcata area was for the years 1970 through 1974. Data for 
the position of distress and the date for the incidents 
occurring in the years 1970 and 1974 was missing and could 
not be recovered in time to be used in the thesis. The 
historic data was sorted and examined statistically to make 
шғпсарте tor the modelling of the environment of “the 
proposed Arcata Air Station. The product of this analysis 
was a set of cumulative distributions representing the 


frequencies of the states of nature which had been observed 
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by the Coast Guard units during search and rescue operations 
шог the “years 1970 through 1974. When a model of the 
environment was constructed, these historic cumulative 
distributions were relied upon to ensure that the model 
generated states of nature which corresponded to the 
historic facts. Since it was proved in the previous chapter 
that the elements of the SAR environment occurred randomly, 
the model was designed to generate various elements in any 
distress incident randomly. Within the computer model, a 
random number was generated and compared to the historic 
Snte distribution of the states of nature. Host 
computer facilities include a program in their software 
package which will generate uniformly distributed random 
numbers. At the Naval Postgraduate School, the progran 
which was used was called RANDOM [Ref. 16]. This program 
has been Statistically proved as being a very good 
random-number generator and for the purposes of this thesis, 
the numbers obtained from that program can he assumed to be 
Perey "random. This assumption was supported in tests το 


be described later. 


In order to derive the code value for any element of 
the environment in the simulation, the computer program 
first called for a random number. This random number was 
used in combination with an array stored in the computer 
which contained the cumulative historic distributions of all 
the permissible codes for that element. In effect, the 
array 1s a table. The random number is compared with all 
values in the table in order to determine which code value 
corresponds to the random number. When the program finds 
the range of values which contains the value of the randon 
number, it determines what the code value iS and returns 
that value to the Simulation program to represent the state 


or natures 


The prcgram for the computer simulation was written in 
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the FORTRAN IV language. Its scope uas limited to model 
only the environment and to generate SAR cases within the 
specified area of interest. This meant that actions of the 
Coast Guard units, such as touing disabled vessels tc port 
or medevacing patients to hospitals, were not modelled 
because these were outside the scope of this analysis. If 
the Simulation generated a case in which a boat was lost or 
disoriented at a specified position, the time spent by a 
Coast Guard unit in searching for that boat was not 
modelled, aithough this and other factors could be added to 


the ccmputer progran. 


Another factor in the operations of the Coast Guard 
which was not modelled was the readiness status of the SAR 
facilities. It was assumed tnat if an incident occurred, a 
Coast Guard unit could get underway immediately to respond 
without recalling the crew or getting ready for sea. This 
assumption means that when analysing response times for the 
Coast Guard units, the calculated time to respond is tne 


Minimum time to arrive on scene. The computer program used 


— = jo nr 
` 


to Simulate the environment was included jn a later section 


of this thesis. 


The first step of the computer model was to estabiish 
the dimensions of the arrays and read into these arrays the 
τοις distributions, Storage arrays were designated 
which corresponded to the sea state, wind velocity, 
Visibility, latitude, longitude, minutes of latitude and 
longitude, nature of distress, severity to personnel and 
property, and time of distress. The data which was read into 
these arrays was used at various places in the computer 


program to generate a distress incident. 
The main computer program was used to advance the 


calendar through the model year and to call the Subroutines 


that were required. For the purposes of the simulation, the 
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КОЕЛДЫ ап мсаганмав 'standardàzed" ineorder to eliminate the 
confusion and difficulties associated with different days of 
the week falling on different dates in different years. 
Experience has shown that the incidence of SAR cases is 
highly cyclical and dependent upon the season, the month, 
and the day of the week. Each nodel year consisted of 336 
days, or 12 months of 28 days each. The first day of each 
month was a Sunday, and the same day of the week fell on any 
Given date regardless of the month or the year. The 
historic day-of-week data of SAR incidents was analysed for 
the years 1971, 1972, and 1973 and the experience of these 
three years was converted to the model year. Jn order to 
determine the average nunber of incidents which occurred on 
the first Sunday of February, for instance, the number of 
cases reported in the Arcata area for the first Sunday was 
averaged and assigned to the storage location for February 
the first in the model year. For the months which have more 
than 28 days, some of the historic cases were lost because 
there was no corresponding model date in which to place 
them. The number of times this happened during the three 
historic years was so small that the effect of losing these 
incidents was considered insignificant. Ta crder to 
increase the total number cf cases in the area of interest, 
the user of the computer Simulation could increase the daily 
average. їл alike manner, the workload for any given day 


could be adjusted. 


In order to determine the number of incidents which 
were to occur on a model day, a Subroutine was called by the 
Main program. The number of SAR incidents which have 
occurred on any day in the past fulfilled the classical 
Poisson conditions: the number of opportunities for an 
ШОШ пы das infinite, the probability of an incident 
occurring for any given opportunity approached zero, yet 
incidents happened. The average number which happened on any 


day is known. The subroutine used the current date and 
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month to query the array in which the average number of 
incidents for each day was stored. ІС used a Poisson 
distribution to determine the number cf cases which were to 
occur during the current year on that date and returned that 
number to the main progran. If no cases were to occur that 
day, the main program skipped any further steps, incremented 


the date by one day, and began the iteration again. 


If a SAR incident was to occur on any day, the main 
program called a subroutine which determined the hours which 
the incident or incidents were to happen. If more than one 
incident was scheduled to occur, the subroutine generated a 
corresponding number of times of day, arranged them into 
ascending order, and returned the first to the main progran 
to be used as the time of the first incident. The main 
program controlled the Simulation and generated the required 
number of cases prescribed in the earlier subroutine. As 
each incident vas generated, the main program referred to 
the time subroutine to obtain the time of the current 
incident. Each time it was called, the subroutine returned 


the hours and minutes (clock time) of the current incident. 


Having determined that an incident was to occur on any 
day and the time of that incident, the main program next 
called a subroutine which determined nature of distress 
representing the incident and the severity involved. fhe 
ОООО С Guarda has responded to virtually every type of 
distress that can befall man or his possessions, but in the 
Arcata area relatively few of them occurred during the years 
4970 through 1974. It was assumed that this sample was 
sufficiently representative so that the modei would not have 
to generate types of distress which did not occur during 
these years. Each of the types of distress which were 
reported during these years also had a degree of severity to 
either persons and/or property associated with then. Both 
of Ga@stmess апа the 


0 


the distributions ӘС жіне type 
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distributions of the degrees of severity to persons and 
property were stored in an array in the computer model. The 
Subroutine which determined the nature of distress generated 
a random number, conpared 178 with the cunulative 
distributions in the nature-of-distress array, and derived 
the nature of distress for the incident it was in the 
process of creating. Once the nature of distress was 
determined, the subroutine could then determine the degree 


of severity to personnel or property in a similiar manner. 


The main program next determined the position of the 
ιτ The historic distribution of SAR incidents was 
stored in an array in the computer model, but since the 
overwhelming number of cases had historically been handled 
by Coast Guar Surface units, this distribution was not 
truly representative of the positions cf incidents which 
would be handled by the Arcata air station. The area of the 
Pacific Ocean to be serviced by the proposed air station was 
between 40-008 and 42-00N Latitude and roughly 124-10 and 
EOE Diring the years 1971 through 1973 approximately 
94.4 percent of the SAR incidents occurred within this area. 
In the model this area was reduced to a grid, each elenent 
of which represented five minutes of latitude (five uiies) 
and five minutes of longitude (approximately 3.7 miles). In 
the model, each grid was &ssigned a number representing the 
historic cumulative distribution of cases which had occurred 
within its confines in three years. The subroutine which 
determined the position of distress generated a random 
number and compared it with the cumulative numbers stored in 
the grid array in order to determine the latitude and 
longitude of the distress incident being generated by їйє 
main program. Jf the random number was greater than 94.4, 
it meant that the incident occurred outside the confines of 
Ег ЭЭ 1105, ос? in other “words, that Tt had either 
Seeurrea over {tHe Manda (liess tian 124-108) or farther west 


than 125-00W. If this was the case and the nature of 
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distress indicated that the incident had occurred on the 
Hater (such as vessel disabled, or fire on a vessel), the 
Subroutine generated a Latitude for the distress anda 
distance offshore greater than 125-005. An incident in such 
a location normally could not be handled by the 
single-engined HH-52 helicopter which woul be stationed at 
the proposed air station. If the seriousness of the 
Situation warranted, a long-range HH-3F helicopter would be 
flown to Arcata from another air station to perform the 
mission. If the nature of distress indicated that the 
incident occurred over the land (such as personnel injury or 
land vehicle crash) the subroutine generated a bearing and 
range from the proposed air station to the scene of distress 
to represent the position of the incident. The bearing and 
range were generated randomly because of lack of any 
historic data to indicate the distribution of types and 


positions of land cases. 


The logical result of knowing the position of the 
distress incident is the determination of the distance to 
that position from the varicus Coast Guard facilities in the 
area of interest. This computation, as well as that which 
determined the time for a Coast Guard assisting resource to 
arrive оп scene of the distress, was performed by another 
subroutine which was called by the main program after the 
position of the incident had been determined. his 
subroutine was used to determine the minumum response time 
for a Coast Guard unit to arrive on scene of the generated 


incident. 


The final random state of nature in the environment of 
a SAR incident is the weather. The weather conditions 
encountered Бу Coast Guard facilities during the 
prosecution of their search-and-rescue operations were in 
the five years data. For each incident, the wind velocity, 


шэг state, and the vicibidity was reported оп the 





Assistance Report. The main program called a Subroutine 
whach generated thesetwveather conditions according to the 


historic distributions stored in an array within the model. 


Although pertinent to the operations of the Coast 
Guard, tne length of the distressed vessel was not generated 
because of the implied necessity of analysing position and 
weather and their combined effects on length. It would ре 
necessary to determine if the historic cases involving 
Smaller vessels tend to center in any specific area and 
generate lengths that corresponded to these restrictions. 
For the purpose of this thesis, it was assumed that any of 
the Coast Guard Cutters in the Arcata area of interest was 
capable of responding to any of the incidents generated. 
The purpose of the thesis was to investigate the need for 
rapid response and not for determining need for towing 


сарара 7 


Insofar as possible, internal consistency vas ensured 
in the simulation model. If the nature of distress 
generated was one which normally occurs only over iand, a 


position inland was generated and the sea state code ws 


th 


Made to” correspond to an inland case. If the nature of 
distress was vessel aground, the simulation of position wa 


Constrained to one adjacent to the coastline. Enforcin 


ы-ы Чд Ui 


such internal consistencies would tend to cause smal 
distortions in the distributions of the environmental 
elements, but the degree of this distortion could not be 


discerned. 


While it was possible to provide for internal 
consistencies within any one case, the model is memoryless 
and consistencies from case to case could not be ensured. 
This meant that if one case were generated in any positioü 


with wind and seas calm, another case could be generated in 


"κ. 
¿nd 


exactly the same position one hour later Rica conditio: 


such aS would be experienced in a full gale. Neither the 
weather from the previous case nor the fact that a Coast 
Guard unit waseveryeciose to the scene of distress® was 
"remembered" in the model. This was considered to be no 
great problem since, again, the purpose of the simulation 
was not to model the actions of the Coast Guard units but 
instead to model the environment. The results of modelling 
the environment were to be used to generate statistics and 
not to recreate reality. Output from the simulation program 


waS included in the computer output section of this thesis. 


In 1971 the National Bureau of Standards, іп а joint 
effort with the Coast Guard, developed a Search and Rescue 
Simulaticn Model (SARSiM)to assist Coast Guard management in 
planning for its SAR mission [Ref.7]. The model is highly 
detailed and quite wide in scope. The model developed for 
this thesis iS in no way meant to replace that resource, but 
SARSI vas not available to the student for use. As 
previously stated, one of the purposes of developing a 
computer simulation model is to gain greater insight into 
the’ SAR environment for an area. This insight might not be 
Gained by using SARSIM. It should also be noted that the 
run time of one year's Simulation on the IBM 360/67 at the 
Naval Postgradvate Schoci is approximately 30 seconds, which 
translates into an estimated conputing cost of about three 
dollars. 
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Ve VALIDATION OF THE COMPUTER MODEL 

The computer model of the environment was not useful 
until it could be proved that it was generating conditions 
that represented the actual envircnment. In order to 
validate the model it was necessary to check its internal 
consistency and its agreement with the historic environment 
of the Arcata area. The first test was relatively simple; 
the computer output was examined to ensure πας such 
inconsistencies as divers in distress inland or vessels 


aground ten giles offshore were not being generated. 


festing the consistency of the output of the simulation 
of the envircnment from the model with the actual historic 
environmental conditions required using the same tests that 
were used in the analysis of the original data. The program 
for the computer simulation was written so that the 
distribution of events in the model could never exceod the 
historic distributions, but it was necessary to test whether 
the distributions of the output conformed to these historic 


Gectrabutions. 


There were two ways in which an inconsistency could 
occur. First, the process of enforcing internal consistency 


within a case could alter the resulting distributions of 


frequencies. The nature of distress, for instance, was 
generated randomly and the on-scene weather was also 
generated randomly. In each case, the resulting state of 


nature was derived by comparing the generated random number 
with a table of cumulative distributions of historic data. 
The distribution of simulated events within the model could 
never exceed the historic distribution if this process were 
unaltered, since both states were derived independently. 
When internal consistency was enforced, however, the 
independent derivation of states was lost. Randonly 


generating a nature of distress which must have occurred 
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iniand forced a sea state code which indicated a land 
ΠΕ It also forced am inland position of distress. A 
large number of such events could alter the resulting 
distribution of the dependent states such as the positicn 


and sea state code. 


The second possibility for error in the output of the 
computer model was an  improperly-operating random number 
Generator. As indicated, the states of nature depended upon 
the generation of a random number which was compared with а 
table of distributions to derive the correct simulated 
State. If the random number generater consistently produced 
а hign or iow number, the resulting distribution of states 
of nature would be significantly biased. The only means 
available to ensure that these errors had not occurred was 
to statistically compare the data generated by the 
Simulation model with the historic data which had served as 


the basis for the model. 


In order to validate the computer model, three runs 
representing three years were made using different seed 
values for the random number generator. The random number 
generator uses the seed value to compute subsequent numbers. 
When the random number generator 15 given the same seed 
"Nn cat will produce an identical stream of ғапаой 
numbers. Changing the seed value causes the rancorn number 
generator to compute an entirely new set of numbers. AS was 
domes with the historic data, the descriptive statistics or 
the generated data were obtained. Histograms comparing the 
pooled historic data and generated data were included in 
Appendix C. The means of the generated elements of the 
environment are given in the following table. The means of 
the five-year pooled data are given because these pooled 
distributions were used in the model to derive the various 


states of nature. 
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TABLE OF MEANS 
SIMULATION GENERATED DATA 
ran 1 Run 2 Run 3 SYR 
Pooled 
Nature of 8.3447 11.559% 1-1428 ο ο 
Distress 
Personnel 1525820 1.5356 EI 1-3849 
Severity | 
Ргорег%у 1.4280 1 3521 1.4203 1.3542 
Severity 
Sea State 20591 2.1236 д ТОО 2.0170 
Wind . 1.1667 E1985 1:2313 1233215 
Velocity 
Visibility 4.4811 4. 3970 4.5652 poor 
Time of Day 1227273 12.6775 12.1848 66279 
Honth 7.1705 ASUS O 6. 9855 1.0342 


The value for distance offshore is not given because 


While historically the greatest number of cases (72 percent) 


occur within three miles of tae coastline, this percentage 
could not be duplicated in the computer model because 
irregularities ji the coastline were not duplicated. 
Furthermore, the grid size for the generated position of 
distress was greater than three miles on any side. AS a 
result, the smallest distance offshore which could be 


generated waS more than three miles. Another data element 


not listed is length of distressed vessel, which was not 


generated in the simulation. 


AS was Gone with the historic data, a one-way analysis 


of variance was performed comparing each of the runs with 


the historic data for each of the five years. The 


hypothesis being tested was: 
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Тһесе 


tests 


неге 


performed 


: The means are not equal 


each element 


table above using the BIMEDO1V program [Ref 


F-ratio as 


F-ratio was greater chan the critical F-statistic 


of 
95 percent 


one 


results of 


Nature of 
Distress 


Personnel 
Severity 


Property 
Severity 


sea State 
Wind | 
Velocity 
Visibility 
Time of Day 


Month 


4.08 


12.43 


A 


NA 
SIMULAT 


F-ratio 
Run 1 


= 


LY 
TO 
p 


The result of the tests led 


the 


the means of 


F-ratio 


exceeded 


the 


the pooled data. 


means oft the simulated data 
In all the 


critical :5: 41151106, 


described in the data analysis 


SIS OFT “MEANS 
N-GENERATED DATA 
Ега ско EE DN 
Run < Run 2 
2.94 2:291 
11228 205202 
та 9-59 
6.68 62915 
10.10 OS 
ІЛЕ 1.39 
4.68 8.49 
12223 12238 


Cases 


Fp- 
С 


to the conciusion 


where 


а 


comparison of column means by estimation of linear 


was performed. 


This was done in 


the coluun means were 


οι του ους, 


Gr 


бег to determine 


Geos et Liga τις 


section. 
ас 
the column means was Significantly different at the 
confidence level than the rest of the means. 
the test are tabulated below: 
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that 


differed significantly 
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2] which gave an 


Kt the 


least 


The 
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itic 
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pair-wise 


contrasts 


which o£ 


rejection 





of the hypothesis of equality. The graphic depiction of the 


results of these tests are included in Appendix D. 


A summary of the results of these tests is that, except 
in a few cases, the mean of the generated data did not 
differ significantly from the means of the historic data. 
Generally, any time there was a significant difference 
between Simulated-data means and historical-data means, the 
historical-data mean had been found to be significantly 
different from all the histcrical means in the tests 
performed in the Original data analysis. This result tended 
to validate the presumpticn that the output of the model 


Sontormea to the actual environment. 


ТИ order to test the effect of forcing internal 
consistency within the model and the operation of the random 
number generator, the data for each run was compared with 
the pooled data from which it was supposedly derived. POL 
this comparison the t-test was performed. Again, the 
hypothesis that the row mean for the generated data was not 
significantly different from the mean of the five-year 
pooled data was tested at the 95 percent confidence level. 


A table of the results of that test is presented below: 





ANALYSIS CF МЕ 15 
GENERATED DATA VERSUS POOLED DATA 


tratio t~ratic t-ratio Co Stee Ste 
Run 1 Run 2 Run 3 Critical 
Nature of 0.35 Za to 0.09 2.015 
MI SiITESS 
Personnel 0.04 2.86 rain 2.2013 
Severlty 
Property 36 0.04 1228 шо ie 
Severity 
Sea State 0.13 0.390 0.7 205 
Wind | 3-27 25535 2.418 2 40805 
Velocity 
Visibility 0.78 E12 0.07 ΟΡ 
Time of Day 0219 0.93 ПТ 23 53 
Month 0.81 0.16 0. 20 2:399 
In most cases the differences between the simulated 
data and the pooled five-year actual data еге not 
significant at the 95 percent confidence level. in some 
instances the tratio was “greater than tae. (cree cal 


t-statistic, which indicated that the differences were 
Significant. This can be expected to occur one time in 
twenty by the construction of the test. As long as it does 
not recur consistently, it was not considered significant, 


Since this would occur with any data. 


In the case of wind velocity, however, the differences 
were consistently greater than expected. in each of the 
three simulation runs, the mean of the wind velocities was 
significantly lower than the mean of the five-year pooled 
data. The explanation for these differences was found when 
examining the distributions of the historic data. The 
permissible code values for reporting the wind range from 
the value zero to nine. The value nine is used to indicate 
unknown conditions. This value appeared three percent of 


Ше ГІШ in the historic data, but was not permitted to 
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appear іп the simulated data. When the nines were removed 
from the historic data the new mean became 1.1571 instead of 
1.3815, and when this mean was tested against the simulation 
runs there was no significant difference between then. I£ 
appeared that the inclusion of the value nine weighted the 
mean sufficiently in the historic data to cause a 
Significant difference when compared with a vector of wind 
velocity values where the value nine was not present. Even 
ΠΕ а11 the historic observations had been a 
higher-than-normal code value, such as six, the differences 
between historic and Simulated data would not have been 
significant. The code value of nine is permissible for the 
other weather conditions, but the nunber of times it 
occurred was not sufficient to cause a Significant 
difference between the historic data means and the those of 


the simulated data. 


An important comparison of data was that pertaining to 
nature of distress. The code values of nature of distress 
range between 00 and 99, but not all numbers are used to 
describe a nature of distress. In the case of the Arcata 
area of interest, several of the pexmissible values were 
never used in the data for five years. It was important 
that the distributions of the simulated nature of distress 
ШООГО tle actual distributions, and this coincidence nad 
to be testea. The distribution of data for nature of 


distress is given in the table below: 





distributions were equal was the chi-square 


Best. 


DISTRIBUTION OF NATURE OF DISTRESS 


(Figures in 


Nature of 
Distress 


Other Vessel 
Conditions 


Vessel Disabled 
or Adrift 


Disabled 
Anchored 


Vessel 
and 
Vessel Aground 


Vessel Capsized 
or Sinking 


Vessel Fire . 
or Explosion 


Messe. Flooding 
or Sinking 


Vessel Overdue/Hissing 
Vessel Collision 
Vessel Disoriented-Lost 


Vessel Endangered 
Бү Weather 


Aircraft Distress 
Land Vehicle Distress 
Land Structure 

Diver in Distress 
Personnel Medevac 
Person Drowning 
Person in Water 
personnel Sickness 
Personnel Injury 
Perscn Lost on Land 


Other Miscellaneous 
Conditions 


Beare Sighting 


The appropriate statistic 


iat bs wie els 


The chi 
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given as 


percent) 


Histori cal 


Distribution 


5 


SOS 


used +o 


Simulated 
Distribution 


4.5 
0.1 
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deternine 11 these 


goodness-of-fit 


follows: 
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In this equation, expected frequency was the historic 
frequency and observed frequency was the simulated frequency 
for each of the nature-of-distress codes. The value of tne 
ratio was found for each o£ the entries in the 
nature-of-distriss distribution table and summed to find the 
ӘнІ-ссцагей statistic. This statistic was computed as 2.68; 
the critical chi-square statistic with 22 degrees of freedon 
at the 95 percent confidence level is 12.34. Іс was 
concluded that there was no significant difference between 
the two distributions of nature of distress.  Simnmiiiar 
chi-squared tests were performed on all elements of the data 
to compare the goodness of fit between historic data and 


simulated data distributions with the same results. 


The conclusion reached as a result of all these tests 
Байрағіна іле historic data and the data generated by the 
computer model of the environment was that the simulation 
Gata was not significantly different from the historic data. 
It was concluded that the data generated by the simulation 
could be used to augment the historic data and, within 
limits, could be used to represent the environment іп the 


area of interest. 





VIe ANALYSIS OF ALTERNATIVES 

After historic data had been analysed and more data had 
been generated using the computer model, the data which was 
available was used to determine the effectiveness of 
Eterno HFetrods of prowiding SAR "Coverage for the Arcata 
area of interest. One of the alternatives was the proposed 
air station at Arcata. A computer progran was written which 
performed this step. 

fne computer program was written to compute times 
ου πο) “бог "various Coast Guard units to arrive on the 
Seene of distress from their "home" positions. This time is 
termed response tine. The response times were calculated 
for surface units at Humbolt Bay and Crescent City, for 
НН-52А helicopters from San Francisco, for HH-52À response 
шээс pmorosed air station at Arcata, anû for  HH-3F 
helicopter response from San Francisco. Тһе first three 
facilities are currently serving the area of interest, and 
the latter two were alternate options for SAR air coverage 
in the Arcata area. The computer program calculated only 
renee termes for Coast Guard units from their base to the 
scene of distress at assumed speeds. The response times did 
not include total time Letween alerting the SAR facility to 
the time to either launch the unit or get it underway. The 
response time did include some "dead time" in calculating 
response of aircraft transiting between air stations other 
than Arcata and the Arcata airport. These delays were aaded 
to account for reasonable ferry times, for refueling times, 


and for other logistics delays. 


The speed of advance for surface vessels was set at 
eighteen knots in all cases. It was assumed that the unit 
would always travel at this speed regardless of weather. It 


was also assumed that any surface unit couid respond to any 





SAR incident anywhere іп the area of interest. ЕТ 
actuality, of course, the choice of the appropriate surface 
unit would be a function of weather, distance to scene, 
distance offshore, nature of distress, and alert status of 


eeunit at the time of distress. 


The transit time for an Hil-52A helicopter from San 
Francisco Air Station to Arcata was assuned to ре 2.7 hours 
for the 210 miles. Once the helicopter arrived in Arcata, 
it was assumed that one hour would be required to refuel the 
helicopter before it could be launched for the SAR mission. 
The transit tine for HH-3F helicopters from San Francisco to 
Arcata was assumed to be 1.75 hours. If the incident 
occurred less than 100 miles from the coastline, the 
helicopter was assumed to be capable of flying directly to 
scene from San Francisco without refuelling. The speed over 
ground for HH-52A helicopters was assumed to be 85 knots 
despite wind conditions. The speed used LOL η ا‎ 


helicopters was 120 knots. 


HH-52A helicopters from Arcata and San Francisco were 
assumed to be permitted to fly 25 miles offshore unescorted. 
If the straight~line distance from the Arcata airport to the 
Sonne wor distress was greater than 25 miles but the scene 
could be reached by flying parallel to the coast to the 
correct latitude and then perpendicular to the coastline to 
the scene of distress, this two-leg distance was computed. 
For distress positions between 25 and 100 miles offshore, an 
HH-52A helicopter could conduct the mission oniy if escorted 
by a fixed-wing aircraft. it was assumed that 1.5 hours 
were required to fly a fixed-wing aircraft fron San 
Francisco to Arcata before the helicopter could begin the 


mission. 


For positions of distress greaten tham 100 miles and 


т 
£2 
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less than 300 miles offshore, an HH-3F helicopter 





required to effect the rescue. It was assumed that six 
hours were required to fly the helicopter to Arcata,  refuel 
it, man it with a fresh crew, and launch it for the mission. 
This time was not required if the helicopter were stationed 


шн бап Francisco. 


The computer program which calculated response times 
for Coast Guard units used the positions of distress which 
were generated in the computer simulation. А wodification 
of this program calculated response times using data from 
three years historic incidents. AS was expected, the 
average response time varied from year to year because the 
positions of distress varied. Besides using the three years 
historic data, seven years Simulated data was used to 
determine response times, yielding the equivalent of ten 
years activity. The assumption was made that the 
distribution of the positions of distress would not change. 
ΠΕ was also азейшей” цас thew Waist i bution oE све 
percentages of the severity to personnel and property codes 
did not change. A Sample output from the computer program 


was included in the Computer Output section. 


D bout "an "arr station at Arcata, California, the 
calculated average response time FOE 211 over-water 
.incidents was 0.66 hours, or about 40 minutes. With an air 
station at Arcata, the average response time was 0.56 hours, 
or about 34 minutes. With  HH-3F helicopters at San 
Prancisco, the average responso time for tne over-water 
Ес Es lhe same as that with no air station at Arcata, or 
0.66 hours. This was so because in almost every case а 
surface unit arrived on scene in less tine than it took for 
the HH-3F to fly from San Francisco to Arcata. The few 
cases in which this was not true were those cases occurring 
greater than approximately forty miles offshore, where the 
response time for air and surface facilities vas equal. 


Historically, SAR incidents have occurred more than 50 miles 
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ofíshcre in the area of interest less than ten percent of 
the time. 


UncwMetfectuveness of the proposed air station can not 
be measured as a reduction in average response time to all 
incidents, since a helicopter would be used only in moderate 
or severe cases. Moderate and severe cases historically 
occurred about thirty percent of the time. The average 
response time to moderate-severity cases without Arcata Air 
Station was 0.7 hour (about 42 minutes). The range for that 
average waS trom 0.48 hour to 0.91 hour in different years. 
The average response time With Arcata Air Station 
established was 0.42 hour (about 25 minutes). The range of 
ШОО Means was from 0.30 hour to 0,55 hour. It was 
assumed tnat a helicopter would not launch fron San 


Francisco on a moderate-severity case. 


The cases with the greatest severity to persons or 
property reported averaged about ten percent in the historic 
qata. The averaçe response time to these cases without an 
air station at Arcata (but with helicopter assistance fron 
San Francisco} was 0.75 hour (about 45 minutes). The yearly 
averages ranged between 0.58 hour and one hour. The average 
response tine with an air Station at Arcata was 0.42 hour 
(about 25 minutes). This yeariy average ranged between 0.25 
hour and 0.74 hour. The average response time with HH-3F 
helicopters at San Francisco was just slightly less than the 


average with НН-52А helicopters at San Francisco. 


The average response time to both moderate or severe 
Saccemurtnour Arcata Air Station and wath either HH-52AS ΟΕ 
HH-3Fs at San Francisco was 0.72 hour (about 43 minutes). 
With an air station at Arcata, the average response time ras 


0.41 hour (about 25 minutes). 


In addition to making these absolute determinations of 








effectiveness, 


additional air 


response 
tables below 
of the Coast 


time" 


it was necessary; to compare the effect of the 
Station relative to the "acceptable SAR 
as set fombhk im the@ekviadwson lage Tire 


show the percentage of times the response times 


Guard units were greater than the Aviation Plan 


standard. The tables include both historic data 
computations and simulated data conputations. 
PERCENTAGE OF RESPONSE TIHES 
GREATER THAN ONE~HALF HOUR 
K271 1972 1273 Runi Run2 Run3 
Hithout _ 
Arcata 0.50 0.68 02:27 0:58 0.61 0.60 
Alr Sta. 
With 
Arcata 0.17 0:56 0.45 0.36 0.40 0.41 
Alır Sta. 
Acceptable 0225 0.25 222. 0.25 0, 25 (2225 
PERCENTAGS OF RESPONSE ZINES 
GREATER THAN ONE HOUR 
1911 272 1973 Run! Run2 Run3 
Without 
Arcata 05712 0.12 0.30€ 0.16 Ue 020 
τπτ Sta. 
With 
Arcata 0.08 0.16 22 0:08 od 0 
AIT Sta. 
Acceptable 0510 0.10 0.106 Q.10 0.190 0210 
The "acceptable response tine" is not more than 25% of 
cases requiring one-half hour and not more than 10% 
requiring one hour. The addition of a Coast Guard air 


station at 


the established stendard 


permit them to reach the standard а 


at 


Arcata does not permit the Coast Guard to meet 
in all incidents, but il docs 
greater number of times. 


A much more favorable case was made for an air station 
Arcata if the incidents occurring over land were 
IM NUneco incidents, the transit tine for a 


considered. 
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helicopter from San Francisco to Arcata was saved: 1.75 
hours for an HH-3F and 2.7 hours for an HH-52A. Undoubtedly, 
the number of Coast Guard responses to land incidents would 
increase if an air station was established at Arcata, but 
there was no means Of analyzing the effectiveness of the air 
Station relative to the SAR facilities presently serving the 
arca. Whether this Supplement to present over-land 
resources justifies the establishment of a neu air station 


or not is a policy decision. 
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Since there was no established relationship between 
lives lost or saved and response time when this thesis was 
Written, the results of this study must be stated merely as 
information for the decision maker. An air station at 
Arcata, California will probably reduce Coast Guard response 
time to SAR incidents involving moderate and severe danger 
to persons and property in the area of interest an average 
of fifteen to twenty-five minutes. It will reduce tke 
percentage of times which Coast Guard units, other than 
fixed-wing aircraft, cannot arrive on scene of a distress 
which 15 up to 150 miles offshore within one-half hour fron 
approximately sixty percent to approximately forty percent 
of the tine. Its presence will reduce the percentage of 
times that response time in this zone is greater than one 
hour from approximately twenty percent to approximately ten 
percent. These numbers are based on case loads of 
approximately 250 to 330 per year in the Arcata area. Of 
these cases, approximately 75 to 105 cases ar of moderate 
Or severe severity. These figures do not account for the 
possible delay in response by aircraft caused py low 


ceilings or low visibilities at the Arcata Airport. 
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APPENDIX B 
Histograms of Five-Year Data 
in 


Arcata Area of Interest 


The following seven histograms are the distributions of 
the code values reported in the historic data for the Arcata 
area of interest. Each graph is, in effect, five separate 
histograms superimposed upon each other. Rather than showing 
the distributions of the code values for any specific year, 
the graphs are intended to show the general distributions 
experienced in the area of interest as reported in the 
Assistance Reports. These distributions were pooled, or 
averaged, to give the cumulative distributions used in tne 
data analysis and the computer sinulation model. A table of 
code values depicted in this appendix can be found in 
Appendix G. These histograms were drawn using the CALCOMP 
Model 765 and the plotting package [Ref. 15] at the Naval 
Postgraduate School. 
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APPENDIX C 
Histograms of Pooled 
and 


Simulation-Generated 


The following six histograms were 


pooled distribution of code values 
ο τσ data in the Coast Guard 
distribution 


The hypothesis that these 


accepted in an analysis-of-means test 
thesis Gealing with validation of the 


table of code values 


found in Appendix G. 


distributions 


Data 


Data 


included to show the 
the 


records 


for five years 


and the 


of the pooled data from three simulation runs. 


were equal was 


in the chapter of the 


computer model. A 


depicted on these histograms can be 
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APPENDIX D 


Results of Analysis-of-Means Tests 


(Estimation of Linear Contrasts) 


The tables in this appendix are а graphic 
representation of the resuit of mathematical tests performed 
on the historic data and the simulation data. The 
estimation-of-linear-contrasts test was performed on each 
data element to determine if the means of. the code values 
for each year were equal. Тһе test vas performed in the 
analysis-or-data chapter to determine if the means of the 
code values varied from year to year. It was performed in 
the validation-of-computer-model chapter to determine if the 
means of the code values generated by the computer Model 
were different from the historic data. These tests are 


described tn Bolch and Huang [Ref. 2]. 
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APPENDIX E 


Correlation Matrices 


(Measures of Relationships Between Two Variables) 


The tables іп this appendix show the linear 
relationships between two data elements for the historic 
data from the years 1970 through 1974 for the Arcata area of 
interest. If one data element, such as the code value for 
sea state, always increased whenever another element, such 
as wind velocity, increased, the correlation wouid approach 
the valve 1.0. If the value of the correlation coefficient 


is negative, it indicates a negative relationship. 
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APPEHDIX F 
Charts of Positions of SAR Incidents 
(1971 through 1973) 


The following conputer-generated charts аге scaled 
HPEEOXAImations of positions of SAR incidents in the Arcata 
area of interest for the years 1971 through 1973. The 
charts are included only to show concentrations of positions 
and the relative positions of salient locations within the 
area of interest. Although not apparent on the charts, more 
than one-third of the distresses for each of the years 
occurred near the mouth of the Klamath River, just south of 


Crescent City. 


These charts were drawn to scale using the  CALCOHP 
Model 765. The software for drawing the charts was made 
available through the Plotting Package available at the 
Naval Postgraduate School [Ref. 15]. In order to draw the 
grid and the coastline, all pointS were stored in an array 
in the program which controlled the pen to draw tne 
outlines. Ali data points and all labelling were done in 
the same manner. The program is highly adaptive; the author 
drew similiar charts for the activities of the Coast Guard 


in the San Diego and the San Francisco area. 
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APPENDIX G 


Selected Code Values for Assistance Reports 


This appendix is a table of code values for selected 
elements of the SAR environment which are reported on the 
Coast Guard Assistance Report (CG 3272). The elements which 
were selected were those which were analyzed in the data 
analysis chapter and those which were Simulated. This table 
was included to illustrate to the reader who is not familiar 
with the Coast Guard SAR Assistance Report system the method 
in which the conditions are reported. It should be noted 
that the code values do not represent equal increnents on 
the continuum of possible conditions. The spread of 
distance offshore, for example, is three miles for code 


value one and 150 miles for code value seven. 


NATURE O: Distress 


mn iR Sup «шыл» < M =s aap ww AO DI A A مم‎ 


Vessel Conditions Land or Offshore Structure 
Conditions 
09 - Other vessel conditions 50 - Other, 
Oi = Disabled, adrift _ О = ооа по VAN 
02 - Disabled, anchored 55 - Шгге Бхошосевоп 
03 - Aground 54 — Hissing 
04 - Capsızed . t 
05 - Fire/Explosion Diver Conditions 
Ш2- ЕІоод414/511ХК14 -” εξ 
И Оуогапе/М1$51п9 70 - Other diver conditions 
MENS COLLISION | ГЭ стап1 ед . 
MENS Untaniliar path area/ 72 - Personnel in water 
Disoriented 73 - Bends ‚ 
11 - Endangered by weather 74 - Aix Enbolisn 
12 - Endangered by ice T5 = ENPhYSena I 
i ἫΝ 76 = bgúlpment farlúre 
w craft Conditions 77 - Orerdue/Missin 
ЕКІ — 78 = Predator attac 
20 ~ Other aircraft conds. | 
21 - Ditch/Forced landing Personnel, Other than Diver 
PX Crash 
23 - Low on fuel | 
24 - Bail out 80 - Other personnel conds. 
25 =- Fire/Explosion 81 — Drowning, , 
27 - Overdue/Hissing 82 - Personnel in water 
28 - Mechanical casualty B4 = SICKNESS 
29 - Unfamiliar with area/ Бш игу 
Disoriented ВИ SIlUg 
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Land Vehicle Conditions 


— oc سے سرو‎ MÀ —— — — EEE eee ee mw ee ee ee a р ӘР oe 


40 - Other land vehicle conds 
px crash (accident) 
43 - Overdue/Missing 
DISTANCE OFFSHORE 
0 - Land I 
IM. 0 = 3 miles 
21-10 niles 
ЕС 19:21 = 25 miles 
ШЕ 75.1 - 50,niles 
SEVERITY OF D 
0 - None - No personnel vere i 
E oua = NO immediate or fo 
personnel. _ 
2 - Moderate - Some danger tha 
3 - Severe - Personnel were іп 
ог Unknown. 
SEVERITY OF 
Q ~ None - No property was inv 
ln Ша т = Хо inmpediate 52 
Pod erate = бопе danger tha 
EN Severe > Property was in а 
wee Unknown. 
SEA S 
Ш= Cain 
T~ — 2 feet 
= sS = Y feet 
2-6 Feet 
WL 
De Calin 
1- 0.1 - 10 knots 
PEEL. t — 20 knots 
СЕЕ ОТ - 30 knots 
4 = 30.1 = 40 knots 
хивсэн 
0-10- 1/4 mile 2 
1 - Greater than 1/4 - 1/2 mil 
2 — Greater than 1⁄2 - 1 mile 
ЕСІ - 3 п11с5 
ο 1 5 miles 


10 


OCO ONU Z | 


Miscellaneous Conditions 
90 ~ Other conditions 
Jo. "hare sighting 


99 - Unknoun 


miles 


I ll l | 


ЕУ Œe 
lin Sm TADOS 


In 


IH VON 
lon 
тор ос» 


IH 
IU 


nvolved. 
reseeable danger to 


п personnel might be lost. 


danger of loss or were lost. 
DISTRESS = PROPERTY 
olved. 
r to property. 
t property night be lost. 
anger of loss or was lost. 
TATE 

= 7 - 10 feet 

Xd cU eco 

- Greater than 20 feet. 

στ Бала 

- Unknown 
ND 
ола αρ Ἱ 50 που 
6 — 502721 => 60 KHnocs 
cc UD TOE OS 
8 - över 70 Knots 
9 - Unknown 
Pl iY 

ἔν. ; τ; 
e (n On кенес 
П- 1521 - 200770016 
9 - Unknown 
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SAMPLE COMPUTER OUTPUT 


Tne following is a sample output from the simulation 
program. It represents the cases generated for the month of 
March. In addition to the printed output shown, the program 
also punched a card with the elements of data punched in the 
same format as was found in the historic data which was 
received on cards. The cards which were punched were 
retained and used in the data analysis and validation of the 


simulaticn model. 
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м дож NE IAS A IRAN NEO A AA K X RA AR IA К E E CE Re E AA e RI RA AAA С 
Е SUBROUTINE DATE (M,N) 
C 
ο ανν xk ze ole ole ote oe ott xt ΣΧ: Soke a ἃς ХА ak ate ak ake aie ake ak a ЯС 
U 
C 
ο ο eC CeCe cece ce анна а ss 
С TEP SeSUCR BUTINE RECEIVES ITHE VALUES YM C 
С AND UNU FROM THE MAIN PROGRAM. “Mü IS ΤΗΕ E 
б "πηρες. ΙΙ Ιυ 12) AND EN" iS THE DAY 6 
(2 NUMBER Сі TO 28}. IT TRANSFORMS THESE NUMBERS C 
E AND PRINTS THE CORRECT OATEs;DAY, AND MONTH. τ 
E v sv. ЕССССССЕСЕССЕСЕСЕСССССЕССССЕСЕЕ 
REAL*8 DAY(CT)/* SUNDAY* , 'HONDAY' , ' TUESDAY ' , * HEDESDAY' , 
C P* THURSDAY?» CERIDAY! ; * SATURDAY! / 
REAL*8 MONTHt12¿/* JANUARY'", FEBRUARY! ,' HARCH* ,1 APRIL, 
1'MAY*,! JUNE! ; JULY, AUGUST", ЦЭЭР л, 1028 БСГ, 
C ΠΕΠ. DECEMBER'/ 
WRITE (6,100) N,MONTH(7) 
BOOR ORNA TOA TODAY IS THE '!'!y12y' DAY OF *,48) 
IF(N.EQ.1, 0A. „Ок DA Ie EO SPEO. 2) GO TO 11 
ЇЕ (М.ЕО.2.085.М.ЁО.9-0БК.М.ЕО,10.08.М.ЕО,»23) GO TO 12. 
IF(N.EQ.3.0R.N.-EQ.10.0O0R.N.EQ.17 .OR.NLEQ.24? GO TO 13 
2 0 0К.1.ЕэуО021Т0В,Х.ЕОС218-062.ЕО,25) 60 ТО 14 
BI UMEOQSO.UR.N.EQ.I2TORNSEQ.19,0R$,N.EQ.261] GO TO £5 
ІЕМ. ЕО. 6. ОАК. М. ЕЧ, 13. ОА. М. ЕО. 20. 08. №М. Е0 27) GO TG 16 
ІЕ(М.ЕС.7.Оқ.М.с59.14.ОК.М.Е0.21г-О0Қ.М.Е0.28) GO TO 17 
ээ oslo) DAY CL) 
225110 99 
ООЛО (6:19) ПАҮС2) 
GO 10 99 
Jo p τε 6,19! DAY(3) 
00 10 99 
14 WRITE (6,19) РАҮ(4) 
GO TO 99 
ИЕ ЇЕ (06:19) РАҮС5) 
GO TO 99 
IO WRITE (6719) DAY(6) 
GO TO 99 | 
TT НЕТТЕ (6,19) DAY (7) 
τ 99 
19 FORMAT (! TODAY IS *;A8) 
99 RETURN 
END 
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С 
сссссссссссссссссссссссссссссссссссссссссссссссссссссссссссс 
C THIS SUBROUTINE RECEIVES THE AVERAGE NUMBER С 
Ё OF CASES WHICH HAVE OCCURRED ON THIS DAY С 
C AS DAVG. FROM THIS NUMBER [T GENERATES С 
С THE NUMBER OF CASES WHICH WILL OCCUR IN THE Č 
ἔ SIMULATION MODEL. IT RETURNS THIS NUMBER С 
Ç TO THE MAIN PROGRAM AS NCASES. Ç 
сссссссссссссссссссссссссссссссссссссссссесссссссссссссссссс 
D 
CCMMON /COM2/ISEED 
COMMON /COMLI/NCASES 
COMMON /COMI2/AVG 
e DIMENSION AVG(12+28) 
DAVG = AVG(M,N) 
А = EXP{—DAVG) 
S CMT 
NCASES = ο 
10 CALL RANDOM (ISEED,U,1) 
ЇЕ 251211 οο το 58 
НСДЭВОТ- NCASES + 1 
СО ο 
ο 1001 NCASES 
100 FORMAT (' THE NEM CES OR IIS DAY TS 1, 
"RETURN 
END 
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